To generate a proper Korean predicate, a natural modal expression is the most important factor for a machine translation (MT) system. Tense, aspect, mood, negation, and voice are the major constituents related to modal expression. The linguistic encoding of a modal expression is quite different between Chinese and Korean in terms of linguistic typology and genealogy. In this paper, a new applicable categorization of Korean modality system viz. tense, aspect, mood, negation, and voice, will be proposed through a contrastive analysis of Chinese and Korean from the viewpoint of a practical MT system. In order to precisely determine the modal expression, effective feature selection frameworks for Chinese are presented with a variety of machine learning methods. As a result, our proposed approach achieved an accuracy of 83.10%.
Introduction
Tense, aspect, mood 1 together with negation and voice, which are the major constituents of modal expression, are difficult to translate naturally in a ChineseKorean MT system. Specifically, the linguistic encoding of a modal expression is considerably different between Chinese and Korean in terms of linguistic typology and genealogy. In this paper, we will use a linguistic term such as "modality" to represent the modal expression which was proposed by Fillmore in the Case Grammar theory [5] , and "modality system" to refer to the five major constituents of modal expression: viz. tense, aspect, mood, negation, and voice.
In the majority of earlier studies, the modality system is discussed from the mono-lingual viewpoint [7, 15] . Considering the Chinese-Korean MT environment, the analysis from this viewpoint is not sufficient to process the complexities of modality translation. In this paper, a cross-linguistic study about the modality system will be presented through a contrastive analysis of Chinese and Korean from the viewpoint of a practical Chinese-Korean MT system. In particular, by describing and analyzing the correlations among tense, aspect, mood, negation and voice, we will show why these constituents should be considered and processed synthetically.
Usually, the modal expression is processed by a rule-based system. Making the heuristic rules includes a labor-intensive process and a rule-based system has a chronic problem of low coverage. To resolve these problems, we propose a machine learning (ML)-based method to process the modality, which can effectively show the incorporation of each of the elements in the modality system. The rest of the paper is organized as follows. Section 2 will briefly introduce some linguistic issues of modality information in Chinese and Korean. Section 3 will describe a new categorization of modality system in Korean, which is proper to Korean modal expression in a Chinese-Korean MT system. According to the new categorization of modality system, feature selection in Chinese will be given in Section 4. In Section 5, a variety of machine learning methods are adopted to show the effectiveness of re-categorization of the modality system in Korean and feature selection in Chinese. Finally, conclusion and future work will be given in Section 6. 1 In this paper, "mood" will be used as a general linguistic term which is a grammatical category signaling the expression of the speaker's attitude towards a proposition. It includes both the concepts "mood" and "modality". "Mood" is defined as a morphological verbal category which expresses the modal value of a sentence such as indicative, imperative etc. "Modality" represents a conceptual domain of mood expressed by various means of modal encoding. Probability, possibility etc. belong to this category. We will use italics for "mood" and "modality" which are narrow senses of general "mood" definition. A detailed explanation will be presented in Section 3.3.
Some Issues of Modality System in Chinese and Korean

General comparison between Chinese and Korean
Chinese and Korean belong to totally different language families in terms of typology and genealogy. We will show the differences by comparison of the two languages according to several linguistic views. Table 1 shows the difference of modal expression in terms of morphological typology. Generally a Korean predicate is composed of a main and an auxiliary predicate. The main predicate describes the core content of the predicate, and the auxiliary one refers to modal expression such as tense, aspect, mood, etc. As an agglutinative language, the modality of Korean is mainly and intensively expressed by the auxiliary predicate following the main predicate at the end of a sentence. But as an isolating language, in Chinese the modality is expressed by discontinuous morphemes surrounding the main predicate which relate to the modal expression. This characteristic increases the complexity of the process to identify the correct modality in Chinese. Table 2 demonstrates the differences of modality system from the viewpoint of grammatical category. Languages do not give equal prominence to these five categories, e.g. Chinese is an aspect-prominent language and does not grammatically mark tense. As a topic-prominent language, Chinese does not have a specific grammatical form in the voice system, which is different from Korean. Although both languages have grammatical categories of aspect, mood and negation, the sub-categorization is not the same at all. A detailed description will be given in Section 3 through a typological study.
Correlations of modality system in Chinese
As the foregoing discussion mentioned, tense, aspect, mood, negation, and voice are the major constituents of modal expression. There exist some correlations among them. Basically, tense, aspect, and mood relate to time category, so correlations among them are a natural result in both languages. In this section, through revealing the correlations, we explain why these constituents should be considered and processed synthetically.
Tense, aspect and mood
Tense indicates the location of an event on a linear time scale, aspect indicates the internal temporal structure of the event, and mood denotes the actuality of the event. Since these three categories denote different facets of one and the same event, there exist some correlations among them. Tense and aspect are interconnected as both of them deal with the "temporal structure" of an event. This point gets reflected in facts such as Chinese is an aspect-prominent language, and there are no grammatical forms for marking tense. Tense information can be inferred from aspect markers. In other words, Chinese grammatically indicates the "temporal structure" of an event mainly by aspect.
There are interactions between the area of tense and mood, especially future tense and modality. Since events in the future have not yet happened, it is easy to see that there is a certain amount of uncertainty surrounding it. Hence there is a connection between future tense and modality. In fact, the future tense is mainly inferred from modal auxiliaries and particles in Chinese.
Negation and aspect
Some negative particles can imply aspect information, such as the negative particle of "mei (you)" is the denial of completion of an event.
Negation and mood
There are some special particles of negative imperative such as "bie", "buyao" etc. And the "verb + 'bu' + RVC 2 " structure is a negative potential form in Chinese.
Aspect and voice
Some of the RVCs can be used as causative forms to show the causative voice in a sentence without any morphological change. RVCs work as aspect markers in Chinese.
Contrastive Analysis and Re-categorization of Modality System in Korean
A majority of the previous papers discussed the modality system from linguistic perspectives. It is not reasonable to apply the results directly to an MT system because the discussions did not consider the MT environment and the differences of the two languages. Theoretically, it is necessary that the information of the five grammatical categories should be provided to generate a Korean modal expression. But the interplays among the categories will make it possible that not all of the information should be given, because some information can be inferred from the other grammatical categories. We will target a practical Chinese-Korean MT system to re-categorize the modality system of Korean through the contrastive study between the two languages.
Tense
In Chinese and Korean, it is generally agreed that there are three tense forms: past, present and future. However we prefer a two-category form viz. past and non-past in the Chinese-Korean MT system.
Chinese does not have a grammatical category of tense, because the concept denoted by tense is indicated by content words such as temporal adverbs, times, etc. It will increase the difficulty to provide correct tense information. Both in Chinese and Korean, there exists a correlation between the tense and mood system, which is usually based on the future tense and modality. Although Korean grammatically marks tense, the future tense in Korean, in comparison the past and present tense does not have formally fixed forms. And also the future tense and mood system share some grammatical markers. For example, the future tense suffix "-kess" can be analyzed as a modal rather than a temporal marker. In Chinese, the future tense is inferred from the modal auxiliaries and particles which indicate various modalities. So both in Chinese and Korean, we can achieve the information of future tense from a mood system.
According to the facts presented above, it is not essential to have the system of future tense in Korean, especially in a Chinese-Korean MT system. In this paper, we just define two tense forms: past and non-past.
Aspect
Chinese grammatically marks aspect but does not mark tense since it is exclusively an aspect prominent language. While Chinese is recognized as an aspect prominent language, there is no generally unified description of the aspect system of this language. In this paper, we will adopt the aspect system classified by [13] , which is the most acceptable classification in Chinese. Table 3 shows the aspect system in Chinese.
Chinese is an aspect language with a complete set of markers to express aspectual distinctions. Here, some aspect markers such as "le", "guo", "zhe" and "zai" are functional words, which have a well-established system to express aspectual meaning. The rest of the aspect markers not only convey the aspectual values, but also retain their original lexical meanings. It will increase the complexity of detecting whether the aspect marker just works as an aspect marker or not in an MT system. And also, it is not sufficient to generate a correct Korean predicate only with aspect information such as "completive". In this paper, we assume that aspect markers such as reduplicant, RVC, "qilai" and "xiaqu" provide pure aspect information only.
The aspect system of Korean is relatively simpler than that of Chinese. Generally, Korean aspect is divided into two categories, such as perfective and imperfective. The imperfective category is sub-classified into progressive, iterative, habitual and stative duration. Except for progressive, the other three subcategories do not have specially fixed grammatical forms, which are semantically encoded to convey aspectual meaning. In other words, these three subcategories are classified semantically rather than syntactically. An unmarked form can be used in these three sub-categories. Korean can be classified into a tense-prominent language when compared to Chinese. In other words, from the generation perspective, it is enough to provide just one piece of information between past tense and perfective aspect. For example, there is a correlation between past tense and perfective aspect in Korean, because both of them use the same suffix "-eoss" to represent the related information.
To take all of these facts into consideration, we will define the aspect system in Korean such as: perfective (experiential) and imperfective (progressive).
Mood
As mentioned before, in this paper mood will be used as a general linguistic term which is a grammatical category signaling the expression of the speaker's attitude towards a proposition. It includes both of the concepts "mood" and "modality". The vast majority of linguistic studies on mood and modality cannot deliver clear-cut definitions between the concept of mood and modality, but generally, it is agreed that modality is the conceptual domain, and mood is its inflectional counterpart [2] .
Usually the category of mood is defined as a morphological verbal category which indicates the modal value of a sentence and often is expressed inflectionally. In a broader category, it covers so-called sentence-moods. In this paper, we will consider the mood as a sentence-mood. As an isolating language, the mood system of Chinese is not expressed by verbal inflection; however, this is a special case. The most common moods that appear cross-linguistically in Chinese and Korean are declarative, imperative, interrogative and exclamatory. For the honorific in Korean, its relevance for the analysis of mood lies in the fact that they are marked with a set of differing verbal suffixes, thus creating a paradigmatic set of forms within each mood [1] . In Chinese, there is no such phenomenon, so it is difficult to provide honorific information in Chinese analysis phase to generate proper speech styles of Korean. Based on this difference, we will neglect the honorific in Korean generation.
"Modality" is expressed by various means of modal encoding ranging from lexical to highly grammaticalized one. In particular, as an isolating language, Chinese uses modal auxiliaries and particles to express the modalities. The correlation between future tense and mood makes it possible that future events can be described both temporally and modally. The temporal markers for future tense are developed from the modal auxiliaries and particles in Chinese. As mentioned in Section 3.1, the future tense will not be considered in the tense system, but will be considered as modalities such as presumption, volition etc. Besides this, each of the modal auxiliaries and particles in Chinese can decide their counterparts in Korean easily; therefore the modalities can be processed independently in a Chinese-Korean MT system. For this reason, we will just consider the sentence-moods in this paper.
The mood system in Korean is more elaborate than the one in Chinese. However, given that the genre of the corpus is news from the People's Daily in China, we will limit them to the categories such as: declarative, imperative, interrogative and exclamatory.
Negation
The negation systems in Chinese and Korean are very similar. In general, there are standard negation, double negation, and imperative/propositive negation that are necessary in a Chinese-Korean MT system. But the mood information of imperative/propositive negation will be given in the mood part, so we will just define two categories of the Korean negation system, such as: standard negation and double negation.
Voice
Chinese voice belongs to lexical category according to the principle of a topicprominent language which is one of the salient characteristics of Chinese.
In Chinese, often it has been noted that the message carried by passive sentences with verbs of perception or cognition is unfortunate or pejorative, whereas the meanings of their verbs are neutral. In addition, topic-comment construction in Chinese can indicate a passive message, which does not use any passive markers. Although the non-adversity usage of passive sentences increases in modern Chinese due to the influence of the Indo-European languages, the effect of topic prominence in Chinese together with the restriction of the "bei" construction to adverse message reduces the usage of the passive in the language [7] . Causative sentences are mostly discussed as a category of Serial Verb Construction. Usually a variety of notional causative forms are adopted in Chinese to express the causative voice. Generally, the sentences without any passive/causative markers and any morphological changes are more productive than the sentences with markers in Chinese.
In Korean, voice is a well-defined grammatical category, and we will set the voice system in Korean as: passive and causative.
Taxonomy of modality system in Korean
Finally, we define the taxonomy of the modality system in Korean, which is proper to a practical Chinese-Korean MT system, as follows. 
Features for Modal Expression in Chinese
According to the modality system defined in Section 3.6, we will select the features based on linguistic knowledge, which closely relate to the modal expression in Chinese. The overview of the features is given in Table 4 .
As previously noted Chinese is an aspect language and it has a complete set of aspect markers. But in contrast, Chinese has no grammatical markers for its tense system. The language does not use verb affixes to signal the relation between the time of the occurrence of the situation and the time that the situation is brought up in speech [7] . Tense information is provided by temporal words such as times and adverbs, or can be inferred from aspect markers. Auxiliary verbs and particles in Chinese, which are used to show a variety of modalities, can refer to future tense according to the correlation between tense and mood. Features 1, 2, and 3 are selected for these reasons.
Through corpus analysis, we have found an interesting result that most Chinese sentences are organized in unmarked form, even without any temporal or aspect markers. It is difficult to provide correct tense information to these unmarked sentences when they are translated into Korean. About 59.7% ((2663 + 4570)/(5165 + 6949)) of the sentences are in unmarked form. The distribution of tense is shown in Table 5 .
Specifically, as an isolating language, we can say that the unmarked form in Chinese is one of the salient characteristics to make sentences very simple. But even though there are no temporal or aspect markers, people can recognize that the event has occurred in the past or non-past by linguistic competence. Through corpus analysis, we have found that the property of main predicate can be a useful clue to identify tense. Actually, the motion verbs of instantaneity can only represent past or future tense. And motion verbs of duration, stative verbs and adjectives are usually translated into present tense in the Chinese-Korean MT. For this reason, we also consider Features 4 and 5 as temporal markers. The features from 6 to 9 have been described in Section 3.2 already which represent the aspect information well in Chinese.
Traditional Chinese grammar refers to the sentence-final particles as yuqici (mood word). The sentence final particles and punctuation marks such as a 3 Time is a category of part of speech in Chinese. 4 MP is an acronym of main predicate. 5 POS is an acronym of part of speech. question mark and an exclamatory mark can be good features to show mood information of sentence types. Negation can be expressed by general negative particles, so feature 12 is selected for this reason. Features 13 and 14 reflect some special patterns in Chinese to express negation. One is a negative word "bu" before RVC and the other is "buliao" after main predicate to show negative view.
The last two features are used to classify voice information in Chinese. As mentioned before, the voice system in Chinese can be expressed in two ways. One is with passive/causative markers and the other without. Feature 15 represents the passive/causative markers. And as we know, most of the sentences do not have the voice markers. The last feature will be a good clue that can provide information about whether the main predicate can be used in a sentence without any passive/causative markers to indicate voice information.
Experiment
In this paper, in order to make a modality detection model, we randomly extracted sentences from the PFR corpus 6 and segmented them into simple sentences to make the training corpus in Chinese. In our Chinese-Korean MT system, to reduce the parsing complexity, first we segmented long sentences into several simple sentences which were defined in [11] . Finally, we collected 12,114 simple sentences and annotated the main predicates with the tense-aspect-mood-negationvoice information by three bilinguals, considering the modal expression when they are translated into Korean. 46 categories have been found in the corpus and the distribution of the major categories is as follows in Table 6 . From the table, we can easily find that correct detection of tense information is an important factor to the performance. In other words, 85.2% of the sentences in our corpus can be translated correctly given tense information only.
In this paper, we adopted 9 classifiers and their variants provided by WEKA 3.4. 7 The classifiers are as follows.
5. Multi-class classifier using SVM and AltDT 6. Boosting: AdaBoost (AB), LogitBoost (LB)
Concerning multi-class classifiers, we used SVM of polynomial kernel function and AltDT as base learners. AltDT is a learning algorithm of alternating decision tree. It is a 2-class classifier like SVM. Two boosting methods were adopted with the base classifiers such as, decision stump (DS) and decision tree (C4.5). Decision stump is a binary 1-level decision tree, which is usually used in conjunction with a boosting algorithm.
The accuracy of 9 classifiers is displayed in Table 7 as follows. Here, the accuracy means that all of the modality information is correctly detected in terms of the five major categories such as tense, aspect, mood, negation and voice.
For a more accurate evaluation, 10-fold cross-validation was adopted in all experiments, it was repeated ten times and the results were averaged. We can see that DT, K-NN, and LB+DS have the best performance. We selected the Decision Table for our classifier because for future classification, the resulting Decision Table provides a constant classification time on average and is therefore well suited for applications in real-time environments [6] . In fact the classification time of the three best classifiers are 0.292, 800.396, and 19.139 seconds respectively. Finally, the Decision Table was adopted to perform the following experiments.
Concerning the DT model, finally we achieved 482 rules. However the top 10 rules, which were used most frequently, are mainly for identifying category 1 and 2 which were shown in Table 6 . And these top 10 rules can cover 64.3% (7790/12114) of the corpus. This result can explain well the characteristic of corpus distribution mentioned in the main clues for identifying correct modality information. The first two rules are used for detecting Category 1 and 2 respectively, and the only feature used is the MP_motion. It means that the MP_motion feature is the most important factor since about 59.7% of Chinese sentences in the corpus are in unmarked form as we mentioned earlier. In other words, the MP_motion can function as a unique clue in a sentence to provide modality information, especially correct tense information. The aspect_prt feature "le" which is an aspect marker for perfective functions as a clue to determine the past tense in Chinese. Tense_auxv&prt refers to auxiliary verbs and particles in Chinese, which are also called modal verbs and particles, and mostly they deliver modality information. However, the correlation between tense and mood makes it possible to provide correct tense information. In order to identify the best features and the optimal feature set, we also performed two more experiments. First was to handle the experiment with one of the features omitted each time. We displayed the three central features in Table 8 . These three features can correctly provide tense information in Chinese which was already mentioned through analyzing the rules achieved by the DT model, and the distribution of major categories in Table 6 also supports this judgment.
Secondly, we adopted the scheme-specific feature selection of the Wrapper 8 approach [14] , which searches for an optimal feature subset tailored to a particular algorithm and a domain. As searching methods for the Decision feature sets of each search method are given in Table 9 . Similarly, we applied the optimal feature sets to evaluate and achieved accuracies such as 83.10%, 83.10% and 83.05%, respectively. As you see, no significant improvement of accuracy is observed, but it will be expected to increase through optimal feature set selection.
Conclusion and Future Work
In this paper, we proposed an ML-based approach to process modal expression effectively in a Chinese-Korean MT system. First, we redefined a new applicable categorization of the modality system in Korean through a contrastive analysis of Chinese and Korean from the viewpoint of a practical MT system. Furthermore, according to the new categorization of modality system and the linguistic knowledge, we described the feature selection in Chinese. The correlations among the modality system viz. tense, aspect, mood, negation and voice are well reflected through the feature selection in Chinese.
Through applying several ML techniques, in our experiment environment, we have found that the Decision Table showed the best result in terms of the computation time together with the performance. Also we found that it is the most important clue that the property of the main predicate whether it is a motion verb of instantaneity or not. This result is supported by the distribution of the unmarked sentences and the distribution of the major categories in the corpus. The corpus we used in this paper is not a bilingual corpus and the modality information of the corpus is annotated by bilinguals. However, to evaluate the experiment objectively, it is better to use a bilingual corpus and automatically or semi-automatically extract the modality information through corpus analysis. In addition, to satisfy a practical MT system, we will explore the effect of various domains in future. There also remains the translation problem of RVCs, which can work as an aspect marker, and retain the original lexical meaning. It is essential to process the RVC problem because RVCs occur frequently in Chinese sentences. Further research should be done to study these problems.
